New ceramics have been used for diverse purposes such as heat-resistant materials and sensors, owing to their ability to endure heat, mechanical shocks and the effects of various chemicals.' Recently, the authors developed a method for evaluating the adsorption properties of new ceramics as column packing materials for high performance liquid chromatography (HPLC).2 Screening of various new ceramics by this method revealed that titanium oxide (titania) and zirconium oxide (zirconia) have much larger adsorption capacities than silica gel. Therefore, these two new ceramics were expected to become promising column packing materials for HPLC, though no report has been published on their use in chromatography. In the present investigation, the unique adsorption properties of zirconia and titania in adsorption chromatography are described.
Experimental

Materials
Reagents and solvents used were of guaranteed grade.
Silica gel (LiChrosorb Si-60, 5 µm) was purchased from E. Merck (Darmstadt, West Germany). Zirconia (mean particle size, 3 µm) was purchased from Soekawa Chemical Co., Ltd. (Tokyo, Japan). Titania microbeads (particle size, 5 -15 µm) were kindly donated by Catalysts & Chemicals Ind. Co., Ltd. (Tokyo, Japan). The column packing materials were suspended in glycerol-methanol (1:1, v/v) and packed in a stainless steel tube (4 mm i.d.X 100 mm) by a slurry packing method at a constant pressure of 450 kg/ cm2.
HPLC
A Trirotar-VI (Japan Spectroscopic Co., Ltd., Tokyo, Japan) HPLC system was used. Hexane-2-propanolwater (95 : 4.8 : 0.2, v/ v) was used as an eluent at a flow rate of 0.5 ml/ min. The column temperature was maintained at 40° C.
Endurance test
One hundred milligrams of each ceramic was placed in a 10-ml glass centrifugal tube; to each tube, a 10 ml solution of either 1 M hydrochloric acid, 0.1 M hydrochloric acid, 50 mM sodium hydroxide or 0.5 M sodium hydroxide was added.
Then the tube was shaken at 40° C for 48 h. The solvent was removed by centrifuging at 1000 g for 10 min. The resultant residue was washed with distilled water followed by a similar centrifugation.
After material was dried at 110°C for 2 h, its weight was measured.
Results and Discussion
As stated in our previous paper', the adsorption isotherms for p-hydroxybenzoic acid (p-HBA) on titania and zirconia were well represented by the Freundrich equation:
where Cm is the concentration of p-HBA in liquid phase, and CS is the amount of p-HBA adsorbed per weight of the ceramics. The parameter K represents the adsorption capacity and the parameter n is related to the adsorption activity. 3 The K values of titania, zirconia and silica gel (LiChrosorb Si-60) are 12. 1, 15.0 and 0.567, respectively, while the n values of titania, zirconia and silica gel are 3.79, 4.14 and 2. 16, respectively. These results indicate that titania and zirconia have larger adsorption capacities than that of silica gel. Therefore, these two new ceramics were packed into columns and their properties in adsorption chromatography were further investigated. Table 1 summarizes the capacity factors (k') of various compounds obtained with the silica gel, titania and zirconia columns. Figure 1 shows typical chromatograms of p-nitrobenzylalcohol, p-nitroaniline and pnitrophenol on these columns. As can be seen from these results, generally the acidic, neutral and basic compounds eluted in this order on a silica gel column, while the solutes behaved in completely different manner on titania and zirconia columns; the neutral, basic and acidic compounds eluted in this order.
To evaluate the adsorption of basic compounds to a reversed-phase column, the k' values of N,N-diethylaniline4, caffeine or procainamide5 have often been used. In this investigation, however, the Q value defined by the Eq. (2) was used for the estimation of the adsorption of basic compounds: Q = (tR (pyridine) -tR (phenol))/ tR (phenol) (2) where tR represents the retention time. A large value of Q means strong adsorption of basic compounds. The Q values for silica gel, titania and zirconia columns were 0.47, -0.088 and -0.10, respectively. This fact again suggests that the adsorption mechanisms of titania and zirconia are different from that of silica gel. It is widely known that the residual silanol groups on silica gel strongly adsorb basic compounds to cause peak tailings. In contrast, titania and zirconia seem to act as bases and therefore adsorb acidic solutes.
Furthermore, titania and zirconia were revealed to possess high resistance to both alkaline and acidic eluents. For example, silica gel (100 mg) easily dissolved in 10 ml of 50 mM sodium hydroxide solution at 40° C for 48 h, so that only 27% of the material remained, while titania and zirconia did not dissolve at all under the same conditions. These two ceramics neither dissolved in a 1 M hydrochloric acid solution nor in a 0.5 M sodium hydroxide solution and their column efficiencies were unchanged even after elution with 50 mM sodium hydroxide solution at 40° C for 12 h at a flow rate of 0.5 ml/ min.
In conclusion, the titania and zirconia are proved to be promising column packing materials with two great advantages.
Firstly, they can safely be used under alkaline conditions where silica gel dissolves. Secondly, the adsorption mechanisms of titania and zirconia are completely different from that of silica gel, which suggests the separability of compounds not separated on silica gel. The detailed investigation and application of these new ceramics columns will be reported elsewhere in the near future. 
